Purpose To study how objectively recorded mouse and keyboard activity affects distal arm pain among computer workers. Methods Computer activities were recorded among 2,146 computer workers. For 52 weeks mouse and keyboard time, sustained activity, speed and micropauses were recorded with a software program installed on the participants' computers. Participants reported weekly pain scores via the software program for elbow, forearm and wrist/ hand as well as in a questionnaire at baseline and 1-year follow up. Associations between pain development and computer work were examined for three pain outcomes: acute, prolonged and chronic pain. Results Mouse time, even at low levels, was associated with acute pain in a similar way for all the examined regions. There were no exposure-response threshold patterns. Keyboard time had no effect. Mouse and keyboard sustained activity, speed and micropauses were not risk factors for acute pain, nor did they modify the effects of mouse or keyboard time. Computer usage parameters were not associated with prolonged or chronic pain. A major limitation of the study was low keyboard times. Conclusion Computer work was not related to the development of prolonged or chronic pain. Mouse time was associated with acute distal arm pain, but the impact was quite small.
Introduction
Self-reported exposure duration in hours per day or week seems to be a risk factor for development of upper limb pain, and approximately twice as many workers with many hours of self-reported computer work compared to those with few, report discomfort in elbows, forearms, hands and wrists Gerr et al. 2002; Hales et al. 1994; Kryger et al. 2003; Lassen et al. 2004; Marcus et al. 2002) . Risk apparently increases from low exposure levels Kryger et al. 2003; Lassen et al. 2004) , and no threshold relations between self-reported exposure and pain conditions have been identified Lassen et al. 2004; Nakazawa et al. 2002) . This pattern of associations cannot easily be explained by biomechanical mechanisms and may indicate some degree of exposure misclassification, selection bias or biased selfreports.
It is well documented that self-reports of duration of computer use are very inaccurate compared to objective measures (Chang et al. 2010; Douwes et al. 2007; Faucett and Rempel 1996; Heinrich et al. 2004; Homan and Armstrong 2003; Hwang et al. 2010; IJmker et al. 2008 IJmker et al. , 2010 Mikkelsen et al. 2007; Richter et al. 2008; Yeh et al. 2009 ) and may be biased by computer use characteristics, age, gender, job demands and musculoskeletal pain (Chang et al. 2010; Faucett and Rempel 1996; Heinrich et al. 2004; Mikkelsen et al. 2007) . These weaknesses in self-reported exposure could bias the relation between the exposure and pain outcomes, especially in cross-sectional and casecontrol studies. Many recent studies relying on self-report have been prospective with exposure ascertained prior to incident musculoskeletal health effects (IJmker et al. 2007) and should be less vulnerable to differential exposure assessment error as a function of symptoms. However, incident pain cases in prospective studies are more likely to be recruited from non-cases at baseline with pain below the case-definition criterion than from non-cases without pain. Generally, causal inferences based on associations between self-reported exposure and self-reported symptoms may be vulnerable to common method variance, even in prospective designs.
The present study examined associations between objectively recorded computer work activity recordings and the development of acute, prolonged and chronic elbow, forearm and wrist/hand pain during a 1-year observation period in a large group of computer operators. We examined the effects of several objectively recorded exposures: duration of mouse and keyboard work, duration of sustained activity periods, speed and number of micropauses, and we explored exposure-response relations, thresholds and interactions between these exposures to see if objectively recorded exposures had effects compatible with a biomechanical model for computer work-related pain (Mathiassen 2006; Visser and van Dieen 2006; Wahlstrom 2005) .
Methods
The NUDATA (Neck and Upper extremity Disorders Among Technical Assistants) study is a 1-year follow-up study of a cohort of the 9,480 technical assistants and machine technicians from the trade union Danish Association of Professional Technicians. The computer workers were mainly technical assistants (75%). The remainders were machine technicians, building assistants and other technicians. Most of their computer use was working with computer-assisted design (CAD) tools.
Participants completed a self-administered baseline questionnaire, and responders at baseline completed a questionnaire at follow-up. The baseline questionnaire participation rate was 73% (n = 6,943), and at follow-up it was 82% (n = 5,658). A description of the study and the cohort has been published in previous papers (Andersen et al. , 2008 Brandt et al. 2004; Lassen et al. 2004 Lassen et al. , 2005 Mikkelsen et al. 2007) .
At baseline, all members of the cohort were asked to install a software program, WorkPace Recorder Ò (WPR), Niche Software, New Zealand, on their personal computer at work. In all, 2,146 participants (31% of participants at baseline) returned recorded data.
WPR software
The WPR program recorded daily totals of computer activities. In addition, a weekly pop-up questionnaire registered pain complaints. The WPR software was distributed on a floppy disc enclosed with the baseline questionnaire. Permission from employers was mandatory. An introduction letter explained that WPR is a program that registers computer input events without disturbing or interfering with computer usage. Technical support was offered throughout the monitoring period. If colleagues used the participant's computer or the participant used more than one computer in their daily work, then the participant was not eligible for the monitoring part of the study. Recording of computer activity commenced, when the user logged on with a personal identification code. Details about the monitoring process are reported elsewhere (Mikkelsen et al. 2007 ).
After 52 weeks, the recording period expired, and the participants were presented with a screen pop-up on how to copy the data file and return it to the project group. Participants were instructed to copy and send their data file earlier if they discontinued work on a particular computer, and if the registered data could not be transferred to a new computer.
WPR recorded in the background, and the participants were not able to see registration results during the recording period.
WPR weekly pain questionnaire
In connection with personal log-on, an on-screen questionnaire every Friday asked participants to rate regional pain intensity for that particular week (no pain, very mild, mild, mild to moderate, moderate, moderate to severe, severe and very severe pain, scored 0-7). Responses for the previous week were displayed on the screen for comparison purposes.
If the on-screen questionnaire was not completed on Friday (e.g. if no computer work was done that day due to vacation, absence or other work), the questionnaire pop-up window would appear on the following Monday at computer log-on, and on Tuesday if not filled on Monday. Figure 1 shows as an example the screen for the forearm region. When analysing the data, a missing score in 1 week was replaced by one of the scores in the week before and after, chosen at random, but only if the score difference was 0 or 1 (Andersen et al. 2008) .
WPR exposure data
A mouse or keyboard activity period was defined as a period with mouse events (clicks or movements) or keystrokes occurring without intervals of 5 s or more. The cutoff level of 5 s was based on a previous validation study (Homan and Armstrong 2003) . The number and duration of these activity periods, of non-activity periods and of the number of mouse events and keystrokes, were recorded on a daily basis. A 'micropause' was defined as a non-activity period of 5-10 s.
From these data, we calculated for each week four measures of mouse and keyboard work:
1. Mouse and keyboard 'time' was calculated as the weekly sum of mouse and keyboard activity periods, respectively. The unit of measurement is hours per week (h/w). 2. Mouse and keyboard 'sustained activity' was calculated as the weekly mean duration of mouse and keyboard activity periods, respectively. The unit of measurement is seconds. 3. Mouse and keyboard 'speed' was calculated as the number of weekly mouse events and keystrokes divided by mouse and keyboard time, respectively. The unit is number of events or keystrokes per minute. 4. Mouse and keyboard 'micropauses' were calculated as the weekly number of mouse and keyboard micropauses divided by mouse and keyboard time, respectively. The unit is number per hour.
These measures were included in the analyses as risk factors for the development of distal arm pain. We also extracted computer 'time' (h/w) based on activity periods with mouse or keyboard events without intervals of 30 s or more. This cut-off level allowed reading from the screen with no mouse or keyboard activity to be included in the measure. The cut-off level of 30 s was based on recommendations from the software developer and was later validated by Blangsted et al. (2004) and Chang et al. (2008) . We further extracted time (h/w) working with different types of software applications and daily hours with the computer turned on. Computer, mouse and keyboard times were set to zero hours for weeks without WPRactivity (11,284 weeks). Absence of WPR-recordings may reflect holidays, sickness absence, other absences or no activity for other reasons.
Baseline and 1-year follow-up questionnaire data
Pain
At baseline and at 1-year follow-up, participants completed a postal questionnaire on regional pain during the last 7 days and the last 12 months. The seven-day pain question was identical to the WPR-pain question which was answered each week via WPR. Pain during the last 12 months was measured by a question about duration of pain (0, 1-7, 8-30, 31-90, [90 days, everyday) and a question about degree of trouble (not at all, very little, little, somewhat, quite a lot, much and very much) Lassen et al. 2004 ).
Ergonomic exposures
The baseline questionnaire required participants to specify the most commonly employed desk positions of their keyboard and computer mouse (in front of the body, to the left or to the right of the body). Distances from the front edge of the desk were reported in 20-cm intervals, as were the distances from the right or left side of the body for mouse positions. Keyboard centre positions in relation to the body were reported. The questionnaire was supplied with a ruler in cm to encourage specific measurements. Participants stated whether the forearm/wrist was supported during active mouse and keyboard usage and whether their work chair and desk were adjusted to fit their needs. A question about overall satisfaction with the physical layout of the work station was included to account for factors that were not addressed by specific questions (Andersen et al. 2008; Kryger et al. 2003; Lassen et al. 2004 Lassen et al. , 2005 . 
Psychosocial workplace factors
At baseline and at follow up, participants reported job demands, job control and job support from colleagues and supervisors, using a questionnaire developed by the Danish National Institute of Occupational Health (Kristensen et al. 2002) based on the Karasek's Job Content Questionnaire (Karasek et al. 1998) . Furthermore, participants reported two items on 'time pressure' related to current work tasks. Job demands, job control and social support at work were dichotomised into high/low values. A dichotomous strain variable was defined as high demands and low control versus other combinations of levels of demands and control. Items concerning 'time pressure' were collapsed into one scale, and scale values were dichotomised into high/ low values.
Personal characteristics
Leisure-time physical activity was evaluated on a fourpoint ordinal scale. Negative affectivity and Type A behaviour were determined by two questions designed for the study. Participants reported current medical conditions (rheumatoid arthritis, osteoarthritis and inflammation of connective tissue, fibromyalgia, neuritis, paralysis or apoplexy) and whether pain had begun after an accident or another trauma, e.g. sports.
Further details concerning ergonomic factors, psychosocial workplace factors and personal characteristics are given elsewhere Kryger et al. 2003; Lassen et al. 2004 ).
Statistical analyses
Right elbow, forearm and hand/wrist pain was evaluated for participants with right-hand mouse usage.
Three different pain outcomes were evaluated exploiting the longitudinal pain registrations: (1) 'acute pain', (2) 'prolonged pain' and (3) 'chronic pain'. The first two pain aspects were based on the longitudinal WPR-questionnaire data; the last was based on the baseline and the 1-year follow-up postal questionnaires.
(1) 'Acute pain' was defined as the WPR-pain score in a specific week and region (right elbow, forearm and hand regions). The associations with 1 week lagged WPR-exposures were analysed in autoregressive ordinal regression models, carried out with the statistical program R, controlling for the mean pain score in the 4 weeks antedating the outcome week. Pain scores 5-7 were collapsed due to shortage of cases, leaving an ordinal scale with six categories. Using restricted cubic splines, potential threshold values for computer usage parameters were explored from plots of exposures versus risk estimates of acute pain. Exposure variables were included in the models in separate steps, first mouse and keyboard times and then micropauses, speed and sustained activity variables, adjusted for potential confounders. Collinearity between exposure variables was not a problem in these analyses. The aim of these analyses was to estimate an intra-individual effect of the exposure on the pain level in the following week (Diggle et al. 2002) . We tested if exposure effects could be accepted as a linear relation and if a linear effect was different from zero. We further examined if there were any interactions between mouse and keyboard times and the corresponding measures of sustained activity, speed and micropauses. Interactions between two variables were examined by inclusion of each variable (main terms) and their product (interaction term) in the model. Except from the linear main terms, nonsignificant terms were excluded from the models. Baseline ergonomic, psychosocial and personal factors were included in all models to control for potential confounding. (2) Incident 'prolonged pain' was defined as a transition from a 4-week 'risk-defining' period with no or little pain (mean pain score 0-2.5) followed by a 3-week 'case-defining' period with moderate or more pain (mean pain score C 4). Thus, 7 weeks were required to become a case. Weeks at risk were only weeks where the mean pain score of the first 4 of these 7 weeks was B2.5. Weeks at risk were counted from the 7th week after starting WPR-recordings to the last case-defining week for first time cases and to the last week with WPR-recordings for non-cases. For each week at risk, the weekly mean WPR-exposures during the 4-week risk-defining period were calculated. The effects of these exposures on prolonged pain were analysed by complementary log-log (CLL) regression for interval-censored survival times where the week number at risk was introduced into the model as en indicator variable (Prentice and Gloeckler 1978) . The CLL model is a discrete analogue of the continuous proportional hazards model which is less robust in the case of multiple failures during a discrete time interval.
Potential threshold values for computer usage parameters were explored from plots of exposures versus risk estimates of prolonged pain. Since there were relatively few cases of prolonged pain, the plots were based on models with linear and squared exposure terms to save degrees of freedom. We tested linear effects and interactions as for acute pain. Exposure variables were examined separately, mouse variables together, keyboard variables together and finally all exposure variables together in the same model. Collinearity was not a problem in these analyses. Nonsignificant terms were excluded as in the analyses of acute pain. The effect of age, gender, satisfaction with work station layout and previous accidents involving the distal arm was controlled for in all analyses. In separate analyses, no other personal, psychosocial or ergonomic risk factors showed significant effects. Analyses were made with PROC GLIMMIX, SAS (9.1).
(3) Incident 'chronic pain' during follow-up was defined as the combination of (1) pain for at least 30 days during the past 12 months, (2) quite a lot or more trouble due to pain during the past 12 months and (3) moderate or more pain during the last 7 days, excluding cases with such a pain condition at baseline. Associations between 'chronic pain' and WPR data were analysed in logistic regression analyses. We used the individual mean exposures over recording weeks as a measure of the individual exposure level during that period. Potential thresholds, linear effects and interactions were examined as for prolonged pain. Effects of exposure variables and potential confounders we examined stepwise, first in bivariate analyses and then in regression models with the four mouse and the four keyboard variables in separate models and finally in a combined model which also included adjustment for other statistically significant factors. Analyses were made with PROC LOGISTIC, SAS (9.1).
Exposure-response patterns examined by a linear and a squared term were considered to indicate a threshold if the linear effect was not significantly different from zero and the effect of the squared term was significant and positive. Interactions were considered to be biologically plausible if the effects of the main terms were zero or positive and the effect of the interaction term was positive. These conditions imply that the risk associated with one factor increases with increasing levels of the other factor. We tested these conditions statistically and rejected the condition if one of the main term effects was negative and statistically significantly different from zero, and we rejected the condition for the interaction term if it was not positive and significantly different from zero. Exposure variables were introduced and kept in the models as in the analyses of prolonged pain. In all the analyses, we used the interquartile range of the exposures as the unit of measurement in order to get comparable and sensible risk estimates. The interquartile ranges are the differences between the 25th and the 75th quartiles shown in Table 2 , part A. We used a double-sided 5% significance level in all statistical tests.
Results
WPR data files were returned from 2,146 participants, and 105,848 sets of weekly observations were obtained. Eightyfour per cent (n = 1,795) of respondents returned data files for 52 weeks, and 95% of the data files included at least 30 weeks. Table 1 shows characteristics at study entry for all participants and for those who installed WPR. Women were overrepresented in the WPR-group, and this group reported slightly more pain in all three regions in the week preceding the baseline questionnaire, a slightly higher prevalence of chronic pain, more arm support and slightly more mouse use. Table 2 shows the distribution of objectively recorded computer work characteristics. To facilitate comparisons with other studies, we have divided the tables into two parts: part A includes the weekly exposure variables used in the analyses, computed from all weeks and days in the observations period, including weeks and days with no computer work; part B includes individual daily mean exposure characteristics for days working with the computer.
In part A of Table 2 , the calculations included 327,772 days (44% of all days) without computer work. Days without computer work were week-ends, holidays, sick leave, other leave and working days without computer work. A total of 11,284 recording weeks were without any computer work. There were fairly long thin tails of exposure values from the 99th percentiles to the maximum. They represented a continuum of values with low probability based on extreme recording circumstances (e.g. a maximum value of keyboard speed of 480 strokes/minute was based on many keystrokes during a few seconds for that week). The near-maximum exposure values were scrutinized and were considered to be valid extremes based on the recordings they were derived from. However, we also report the 99th percentiles since they give a better impression of the exposure distribution than the maximums. The weekly mean (SD) of computer time was 9.2 (6.3) h, of mouse time 6.0 (4.9) h and of keyboard time 1.3 (1.4) h.
When working with the computer, the daily mean (SD) of computer time was 2.4 (0.91) h, of mouse time 1.6 (0.80) h and of keyboard time 0.33 (0.24) h (Table 2 , part B). The means of sustained work, speed and micropauses at the individual level were approximately the same at the individual level as shown in part A of Table 2 .
Computer-aided design (CAD) applications were used in 45% of the computer time, graphical information systems and graphical layout applications in 6%, word processing in 9%, spreadsheets in 6%, e-mail and internet in 12%, and other and unspecified applications in 21% of the time. The Spearman correlation coefficient between computer time and mouse time was 0.94, and separate analyses on computer time effects were therefore not performed. Table 3 shows weekly ratings of pain intensity by region for elbow, forearm and hand/wrist pain. Pain intensity was rated 0 in 70, 63 and 74% of the weeks for elbow, forearm and hand, respectively. The scores showed moderate or more pain in 2.7, 3.8 and 2.9% of weekly recordings for elbow, forearm and hand, respectively. Table 4 shows the effects of WPR-exposures on acute elbow, forearm and hand pain. There was a significant linear increase by increasing mouse time for all three regions. Only a few of the other exposures showed significant effects: elbow pain decreased with increasing number of keyboard micropauses and elbow and hand/wrist pain increased with increasing keyboard sustained activity. Figure 2 illustrates the restricted cubic spline associations between mouse and keyboard time and acute elbow pain, adjusted for the effects of other mouse and keyboard factors and other covariates. The corresponding figures for forearm and hand/wrist pain were very similar (not shown). There were no indications of a threshold in these analyses or the corresponding analyses of the other WPR-exposures. There were no biologically plausible interactions. These analyses were based on 1,615 persons and approximately 54.000 observation weeks (see Table 4 ). Acute pain increased significantly for all three regions with increasing age, female gender and dissatisfaction with the layout of the work station. There were only a few other sporadic effects (data not shown).
Acute pain

Prolonged pain
We found 83, 101 and 111 incident cases of prolonged elbow, forearm and hand-wrist pain, respectively. Table 4 shows the hazard ratios (HR) associated with WPR-exposures during the 4-week risk-defining period. There were no significant linear effects, no indications of exposure thresholds and no biologically plausible interactions. Female gender increased the risk of prolonged pain in all three regions and increasing age increased the risk of prolonged hand pain. Dissatisfaction with the work station layout increased the risk of prolonged elbow pain, and previous arm accidents increased the risk of prolonged elbow and forearm pain. Specific ergonomic factors, psychosocial factors and the remaining personal factors had no significant effects.
Chronic pain
We found 45, 37 and 68 incident cases of chronic elbow, forearm and hand-wrist pain, respectively. Table 4 shows the odds ratios associated with mean WPR-exposures during the recording period. Owing to the relatively small number of incident cases, we show the results for the two models with mutually adjusted effects of mouse and of keyboard variables, respectively. There were no significant linear effects, no indications of threshold levels and no biologically plausible interactions. The results were quite similar to crude analyses of each of the exposure variables separately and for the model with mutually adjusted effects of all exposure variables and other significant factors (data not shown). In these analyses, increasing age increased the risk of chronic elbow pain. Poor social support from colleagues and supervisors increased the risk of chronic elbow pain, and high demands increased the risk of chronic forearm pain. There were no other significant effects of potential confounders.
Discussion
Reported pain was generally low and weeks with severe pain were few (Table 3 ). The median of the individual mean weekly pain score was close to no pain, and only 5% had mean weekly pain scores of more than mild pain. The incidences of prolonged pain in the elbow, forearm and hand regions were 4.1, 5.1 and 5.5%, respectively, and the corresponding incidences of chronic pain were 2.4, 1.9 and 3.6%.
We hypothesized (1) that pain would increase with increasing work hours with mouse or keyboard work, longer sustained activity periods, higher work speed and fewer micropauses (2) that any effects on pain would be absent at low exposure levels and increase with higher exposure levels, indicating a threshold in the exposureresponse relations and (3) that effects of mouse and keyboard work hours would increase with longer sustained activity periods, higher work speed and fewer micropauses and vice versa. Findings in accordance with these hypotheses would fit a biomechanical model for the development of distal arm pain caused by prolonged periods of sustained muscle activity during computer work (Mathiassen 2006; Visser and van Dieen 2006; Wahlstrom 2005) .
Acute pain increased significantly in all three regions with increasing mouse time in the preceding week. We adjusted for the average pain level during the antecedent 4 weeks because this pain was considered to be a confounder for the relation between mouse time and pain development in the following week. The results for acute pain, therefore, reflect an increase in pain beyond the recent pain level. Very similar results were obtained by generalized estimating equation (GEE) analyses without adjustment for pain in the previous weeks. There was no indication of an exposure-response threshold (Fig. 2) , and there were no biologically plausible interactions with sustained activity periods, speed or micropauses.
Keyboard time had no significant effect on acute pain. Elbow pain decreased significantly with increasing number of keyboard micropauses. This finding is difficult to explain considering the low keyboard times; that keyboard time had no effect on elbow pain; that there was no interaction between micropauses and keyboard times; and that there were no indications of a threshold value. The same holds true for the borderline significant effect of keyboard sustained activity on hand-wrist pain (Table 4) .
The development of prolonged pain and chronic pain seemed unrelated to computer work. There were no linear effects, no indications of thresholds and no biologically plausible interactions of mouse or keyboard time, sustained activity, speed or micropauses.
Altogether, mouse time was a risk factor for acute distal arm pain. This relation could be causal, but the argument for a causal relation would have been strengthened and more straight forward if there had been a demonstrable threshold or if the effect was modified by measures of sustained activity, work intensity or micropauses. Based on the risk estimates shown in Table 4 and the distribution of mouse times, we calculated the fraction of increases in acute pain related to mouse time to be approximately 10%. Thus, the effects of mouse time in relation to acute pain, whether causal or not, seemed modest. No other associations indicated a causal relation between distal arm pain conditions and mouse and keyboard times, sustained activity, speed or micropauses. Besides the NUDATA study, the development of musculoskeletal pain in relation to objectively recorded computer work has only been examined in two other studies (Chang et al. 2007; IJmker et al. 2010) . A prospective study with repeated measurements of 27 undergraduate students found that computer time increased the risk of acute pain for certain dichotomies of computer time, combining pain in thirteen different body parts (Chang et al. 2007 ). However, there was no statistically significant exposureresponse pattern and the lack of regional specificity of pain outcomes makes it difficult to assess if the results of this study support our results on acute pain. The PROMO 2-year prospective study of 1,009 office workers found no relation between 3 months average computer usage time and the development of severe neck-shoulder or arm-wristhand pain (IJmker et al. 2010 ). This result is in good accordance with our results.
The validity of electronic activity recordings of computer, mouse and keyboard times seems very high when compared to systematic direct observations (Blangsted et al. 2004; Chang et al. 2008; Douwes et al. 2007; Homan and Armstrong 2003; Yeh et al. 2009 ). However, the time between two computer input events may be short, indicating ongoing computer work, or long, indicating noncomputer work. Most studies have included inter-event times below 30 s as computer time, and below 5 s for mouse and keyboard events as mouse and keyboard times, respectively (Blangsted et al. 2004; Douwes et al. 2007; Homan and Armstrong 2003; IJmker et al. 2008; Yeh et al. 2009 ). These activity cut-off times are somewhat arbitrary, and increasing cut-off levels will increase computer time, depending on the pattern of computer events, work tasks and personal factors (Richter et al. 2008 ). However, measures based on different cut-offs are highly correlated within a reasonable range of cut-offs (Chang et al. 2008; Richter et al. 2008) .
In addition to the 5 s cut-offs used in our analyses, we also calculated mouse time with a 10 s cut-off and keyboard time with a 2.5 s cut-off level. Both of these measures were correlated with their corresponding 5 s cut-off measures with Spearman correlation coefficients above 0.99. Our results, therefore, would have been the same, if we had used these alternative measures.
Furthermore, Chang et al. (2008) compared computer times defined by activity cut-offs from 3 to 240 s with 1 s increments to video recordings and found that cut-offs between 28 and 60 s provided unbiased estimates of computer use duration with good validity for a wide range of computer tasks.
The increases in computer, mouse and keyboard times with increasing non-activity cut-offs seem modest within cut-off levels associated with highly valid exposure estimates. In the study of Chang et al. (2008) , a change in computer time cut-offs from 28 to 60 s increased the average daily computer time from 50 to 55%. In the study of Richter et al. (2008) , an increase in computer time cutoff from 30 to 60 s increased the average computer time from 38 to 42% of the working day, an increase in mouse time cut-off from 5 to 10 s increased mouse time from 21 to 24% of the working day and an increase in keyboard Acute elbow pain Acute elbow pain
Mouse time (h/w) Keyboard time (h/w) Fig. 2 Adjusted log odds with 95% confidence intervals for acute elbow pain in relation to mouse and keyboard times (hours per week (h/w)) in the preceding week. The vertical arrows show the knots used for modelling with restricted cubic splines in the autoregressive ordinal regression models. The curves show the association between mouse and keyboard times with all other variables at a fixed level time cut-off from 2.5 to 5 s increased keyboard time from 7.3 to 8.8% of the working day for days with over 5,000 computer events. In the present study, by the same selection criteria and corresponding changes in cut-offs, mouse time increased from 29 to 32% and keyboard times from 6.2 to 6.9%. We examined three aspects of distal arm pain, acute, prolonged and chronic pain, based on pain intensity and duration. The latter pain states were constructed to reflect pain states of potential clinical relevance. The criteria for prolonged pain were decided upon before the study started and intended to indicate an intermediate state between acute and chronic pain. Pain states could have been constructed differently, but other constructs reflecting the same aspects of pain would most likely be highly correlated with our constructs. It seems unlikely, therefore, that other pain constructs would have resulted in substantially different results.
Since we do not know the mechanisms by which physical exposures may induce musculoskeletal pain, it is not clear how to define the 'relevant' exposure. For acute pain, we defined the relevant exposure as the exposure in the week before the outcome week; for prolonged pain, we used the mean exposures during the 4-week risk-defining period with low pain, and for chronic pain we used the mean exposures during the recording period (which is equivalent to cumulated exposure adjusted for the number of weeks with exposure data). However, exposures could have been defined differently. For prolonged pain, we also explored the effects of WPR-exposures during the 3-week case-defining period, during all 7 weeks and during all recording weeks prior to a week at risk. Mouse time in the 3-week case-defining period tended to increase the risk of prolonged distal arm pain, but without indications of a threshold or interactions with the other mouse variables (data not shown).
The generalizability of our results is in principle limited to populations of computer workers with similar distributions of exposures. Our computer work consisted of a mixture of computer work tasks with a relatively high proportion of CAD work and was characterized by generic exposures in terms of mouse and keyboard times, sustained activity, speed and micropauses. However, these generic exposures differ with computer tasks (Wu et al. 2010) and may not capture all of the variation in musculoskeletal load across different computer tasks.
Comparisons of computer, mouse and keyboard times across studies must consider the number of days or weeks with or without computer work, the type of distribution statistics (means and SD, median and other percentiles) and the selection criteria for being included in the study. Such detailed comparisons with other larger studies of mixed computer work tasks showed that our computer and mouse times were rather similar but our keyboard times were approximately only half of those of other similar studies (Heinrich et al. 2004; IJmker et al. 2010; Richter et al. 2008) .
The median mouse time was 5.2 h/w with an interquartile range from 2.1 to 9.1 h/w (Table 3) , a 99th percentile of 20 h/w, and no mouse usage in 10% of the weeks. We assume that this distribution offers a sufficient level and contrast to capture any adverse effects of most mouse work tasks. In contrast, keyboard times were low (median 0.93 h/w) and the 99th percentile was only 6.4 h/w (Table 3) . Our results for keyboard exposures, therefore, may not hold for higher keyboard times. It must be noted, however, that our low objectively measured keyboard times corresponded to considerably higher selfreported keyboard times (median 7.7 h/w, interquartile range 4.4-12.5 h/w, 99th percentile 27 h/w, baseline data). Keyboard times were also remarkably low in other similar studies using electronic activity recordings, approximately 3 h per week (Heinrich et al. 2004; IJmker et al. 2010; Richter et al. 2008) .
Other work than computer work consisted almost exclusively of office work, supervision and meetings without any special physical loads. It is therefore unlikely that our results are biased by other work-related physical exposures.
We controlled for effects of baseline self-reported ergonomic factors, psychosocial factors and personal factors but found only few significant effects. Ergonomic factors and psychosocial factors may have changed during follow-up, and we do not know the accuracy of our selfreported ergonomic factors. For these reasons and since they had only few significant effects, we did not examine their interactions with objectively recorded computer usage variables. Furthermore, some ergonomic factors were not recorded, e.g. the ergonomic features of the mouse. Some studies suggest that specific ergonomic exposures and psychosocial factors at work are risk factors for the development of upper extremity pain conditions (Jensen et al. 1998; Karlqvist et al. 2003; Marcus et al. 2002) , but the evidence is not very consistent (Bongers et al. 2006; Gerr et al. 2006; Kennedy et al. 2010; Macfarlane et al. 2009; Wahlstrom 2005) , and our mainly non-significant effects of these factors are not in disaccord with this evidence. However, we cannot exclude residual confounding due to uncontrolled ergonomic, psychosocial or personal factors.
The present results are based on the NUDATA subpopulation (31%) that installed and returned WPR data. As shown in Table 1 , baseline characteristics with respect to seniority at present employer, self-reported computer work, years working with a computer, pain reporting and ergonomic, psychosocial and personal factors were not very different for the WPR-group than for all participants. WPR participants reported slightly higher computer and mouse times and slightly higher prevalences of distal arm pain during the last 7 days and of chronic distal arm pain than all participants. Women were overrepresented in the WPRgroup which accounted for some of the slightly higher pain prevalences (data not shown). Furthermore, cases with chronic pain at baseline who participated in the present study had very similar weekly averages of computer, mouse and keyboard times during follow-up and were monitored for the same number of weeks as non-cases (data not shown), indicating that those most affected by adverse musculoskeletal outcomes did not reduce their computer use and did not leave their jobs.
An explanation for the low occurrence of chronic pain in this study could be selection out of the cohort because of distal arm pain. However, there were only small baseline differences in pain characteristics between those who participated in the follow-up study and those who did not (data not shown). Furthermore, overall sickness absence for more than 2 weeks, obtained from the Danish central register of such absences, did not reveal higher sickness absence among non-participants than among participants at baseline or at follow-up (Andersen and Mikkelsen 2010) .
Altogether, these data do not indicate selective survival that could seriously distort our results.
Pain variables showed weak relations with age (data not shown) and the low occurrence of chronic pain was not because the cohort was too young.
The WPR system generated a wealth of computer work characteristics. We chose four mouse and four keyboard measures of physical load that might influence distal arm pain: time, sustained activity, speed and number of micropauses. These measures were decided on before the data were analysed, but other measures could have been extracted.
Our exposure measures reflect basic elements in biomechanical hypotheses on computer-related musculoskeletal pain. It is assumed that pain results from muscle tissue damage due to prolonged low-force muscle activity with few breaks and little variation (Visser and van Dieen 2006; Wahlstrom 2005 ). However, muscle activity measured by electromyography seems to be slightly higher during rest breaks and non-computer office work than during computer work (Arvidsson et al. 2006; Fernström and Å borg 1999; Richter et al. 2009; Westgaard et al. 2001 ). In the study by Richter et al. 2009 , the division between computer activity and non-computer activity was based on electronic activity registration with different cut-offs. These observations may be seen as support for our findings of few, if any, biologically plausible effects of mouse work on distal arm pain.
Our results are in contrast to the results of most epidemiological studies using subjective assessments of the duration of daily or weekly computer, mouse or keyboard work (IJmker et al. 2007 ), including our own previously reported results from the NUDATA study Kryger et al. 2003; Lassen et al. 2004) . We assume that subjective assessments of computer time are less accurate than objectively recorded computer time, even if there is some uncertainty with respect to the optimal cut-off levels for inactivity periods. If the inaccuracy of subjective assessment of computer time is random, and if computer work, measured as computer time, is a true cause of distal arm pain, one would expect to find stronger associations between pain and objective recordings of computer time than between pain and subjective assessments of computer time. In the NUDATA study, the results were the opposite, indicating that inaccuracies in subjective assessment of computer time were not random but biased in a way that produced spurious associations between computer time and pain. However, our results may raise a more general concern about the validity of positive associations in epidemiological studies on pain and subjectively assessed computer time. When both of these two pieces of information are provided by the same source (the study participant), spurious associations may occur due to some underlying personal factor (e.g. personality, beliefs, perception of study setting, etc.) which may influence the reporting of computer time as well as pain. It might be argued that electronic recording methods have not been available for a long enough period nor explored sufficiently to conclude with certainty that they are superior estimates of biomechanical hazard associated with computer use when compared to less sophisticated self-report. However, in our view, this seems quite unlikely.
The study benefits from using prospective objective recordings of computer work during a whole year in a large cohort with a wide distribution of computer work. It is a major strength of our study that incident acute, prolonged and chronic pain conditions were studied in relation to the combined effects and effect patterns of computer work duration and intensity aspects. The effects of sustained activity, speed and micropauses and their interactions with mouse and keyboard time have not been examined in previous epidemiological studies of computer work.
The study has also several limitations. Firstly, it is a study of a specific group of computer users from one country, one union and with a limited educational distribution and may not be representative of all settings in which computers are used or of all computer users. The study does not cover high keyboard times. The participation rate was low, and selective survival cannot be excluded. Our ergonomic measures may be inaccurate, some were not assessed, and they may have changed during follow-up.
In conclusion, prolonged and chronic pain conditions seemed unrelated to the duration of mouse and keyboard work, sustained activity, intensity of work or micro-pauses. Increasing mouse time in 1 week predicted an increase in distal arm pain in the following week. This relation could be causal. However, there was no threshold level and the effect was not modified by duration of sustained activity periods, speed or micropauses as one might expect based on a biomechanical model of causation. Whether causal or not, the impact of this effect was quite small.
We have previously reported similar findings for neckshoulder pain (Andersen et al. 2008 ) and that computer work was not associated with prolonged sickness absence (Andersen and Mikkelsen 2010) . Altogether, based on objective computer activity recordings, the evidence from the NUDATA study did not support any serious musculoskeletal health effects from computer work. However, the study did not cover high keyboard times.
